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Introduction
The impact of innovation and technological progress on growth, wealth, and above all on employment is a topic of inquiry nearly as old as modern economics. As early as 1821, Ricardo revised his assessment of the contribution made by innovation to the general welfare and at last voiced pessimism about the impact of technological change on employment (Kö nig 1997). In the 1980s, as well, technological development was viewed as a contributing factor to rising unemployment (Welsh 2006) . Today, by contrast, high expectations are attached to technological development and innovation as a key driver of national economic competitiveness and growth, particularly by economic policy makers. New technologies are now viewed as a "basis for prosperity and jobs" (BMBF 2007: 8) .
As theoretical models are unable to precisely define the effect of innovation on employment, this interrelationship has also been the subject of a great deal of empirical research in recent years (Zimmermann 2008 , Lachenmaier 2007 , Lachenmaier/Rottmann 2007 , Peters 2006 . Yet all of the aforecited studies make use of the least squares regression technique, and thus aim at identifying differences in the mean of (conditional) growth distributions between innovating and non-innovating companies. Possible divergent effects from innovation at other points on the distribution can not be analyzed with this estimation technique. With a view to economic policy formation, however, the (conditional) mean in employment growth triggered by innovation is not the only subject of interest. Policy makers would also benefit from knowing if and to what extent this employment effect differs in firms with various rates of growth so that additional conclusions can be drawn about the scope of the impact exerted by innovations. In the present study, a quantile regression method is used. This allows the effects of innovation to be investigated at any point on the distribution -for example, in firms experiencing negative or positive growth.
An additional focus of this study is on small and medium enterprises (SMEs). While SMEs employ the majority of Germany's work force, and also play an important role in Germany's national innovation system, accounting for over a quarter of all R&D expenditures in manufacturing and almost half of all R&D expenditures in knowledge-intensive business services (Rammer et al. 2006) , in existing studies SMEs are usually only mentioned peripherally or (at least partially) omitted.
This study concludes that innovation has a positive effect on employment in both growing and shrinking SMEs. In addition, innovation has a much stronger impact on employee headcounts in companies that are already experiencing strong growth than in their slower growing or shrinking counterparts. When differentiating between product and process innovations, the analysis shows (at least from a relatively short-term perspective) that the introduction of new or improved processes has a larger impact on employment than the introduction of new or improved products. This paper is organized as follows: In the second section, theoretical considerations pertaining to the effects of innovation on employment are discussed. Section three presents the empirical results and section 4 summarises the key findings of the study.
Conceptual background
In order to analyse the effects of innovation on employment, a difference is generally drawn between process and product innovations. The term 'product innovation' encompasses the creation and implementation of new or qualitatively improved products. 'Process innovation', by contrast, refers to the intracompany deployment of new or improved manufacturing or processing technologies and techniques (Stoneman 1983) .
1 This differentiation is important, as each type of innovation influences employment through different channels (Katsoulacos 1986 , Lehner et al. 1998 ).
The starting point of any study dealing with the impact of innovation on employment is the labour demand function at the firm level. The labour demand of a firm i is usually represented in theoretical models as dependent on the factors technology T, product quality Q, as well as additional observable variables X and non-observable variables k (Zimmermann 1987 , Kö nig et al. 1995 , Rottmann/Ruschinski 1997 , Smolny/Schneeweis 1999 , as well as Lachenmaier/Rottmann 2007 .
where changes in product quality are viewed as product innovations, and changes in manufacturing processes are seen as process innovations.
Changed levels of employment due to higher productivity with unchanged output are usually defined as a 'direct' effect of process innovation on a firm's labour demand.
2 Therefore, it can generally be expected that reduced labour demand will result as a direct effect of a process innovation. 3 However, cost reductions due to process innovations can be used for price reductions, which can in turn increase demand for the company's product(s). Increased production is associated with an increase in employment.
4 Whether this indirect effect (which is based on a turnover change) outweighs the direct productivity effect (which generally reduces labour demand) depends essentially on the extent of the price reduction as well as the demand reaction to reduced prices.
With respect to product innovations, often the only effects on employment taken into consideration are effects based on demand changes triggered by new or improved products (or services). This approach implies that product innovations only have an effect on employment when new or improved products are commercially successful and generate turnover after their release by the firm. A strong increase in demand can therefore be expected first and foremost when new products are released that are novelties on the market, as the entire market demand for such new products is captured by the innovating company.
5
This effect is smaller when the innovating firm initially enjoys a monopolistic position or (at least) high market share for a given product and exploits this situation with a higher product price in order to maximize profits. If the foregoing is the case, output and associated labour demand are comparatively small at first, and only rise with the emergence of competitors (Gaskins 1971 ). This positive direct employment effect is accompanied by an 'indirect' negative (substitution) effect when the product replaces an old product of the company. 6 The indirect effect of a product innovation can also be positive, however, when the product is used in tandem with an already existing company product.
From a theoretical perspective, therefore, the effect of product and process innovations on a company's employment is indeterminate. Rather, one should expect that, as a result of counteracting effects, innovation will produce alternative outcomes depending on the concrete characteristics of the firm, in conjunction with auxiliary factors. In addition to a divergence between product and process innovations, divergent effects resulting from innovation can also be expected relative to a firm's rate of growth, whether positive or negative.
It is possible, for example, that the type and quality of innovation varies in companies with alternate growth rates, in turn leading to divergent employment effects. If a firm is experiencing strong growth, this could be an indicator that the firm is active in a new and expanding market in which product innovations regularly take the form of market novelties (Utterback/Abernathy 1975 , Gort/Klepper 1982 . This can lead to stronger demand changes for the innovating firm than the release of products which are not novelties on the market. In addition, it can be assumed that expanding firms generally release 'aggressive' innovations more often: product innovations are aimed at tapping new markets or expanding the firm's product range, to name two examples, while process innovations are more often related to the release of new products (Rammer et al. 2004) .
Furthermore, it is also possible that stronger growth is ultimately reflective of better management. In this way, it could be that fast-growing, successful firms are also more likely to develop successful innovations. It follows from this line of reasoning that, among the companies that are shedding employees, the percentage of non-successful innovating firms is much higher -because new products are not accepted by the market or new processes do not result in the desired cost reductions (Freel 2000) . This explanation is of importance, as the standard innovation indicator which is also used in this study only designates that innovations have been implemented at a firm, but not if these innovations have been successful.
Taken together, these considerations indicate that the growth rate in high-growth firms should increase even further through innovation. In slow-growing or shrinking firms, by contrast, the stimulus to growth provided by innovation may be weaker or even nonexistent.
Empirical investigation 3.1 Estimation strategy
In order to investigate the impact of innovation on employment at a firm, the labour demand function is formulated as a dynamic equation. The logarithm of the equation (1) is taken and differences are formed, yielding the following
where e represents the respective elasticities of labour demand. The advantage of forming differences lies in the elimination of unobserved, time-constant heterogeneity. The changes in production technology or product quality are interpreted as process innova-tion PZ or product innovation PD. 7 Permitting additional control variables X we get the following regression equation:
The least squares estimation technique is typically used to analyse the impact of innovation in terms of a percentage change in employment within a firm. This method investigates if and to what extent the mean of the (conditional) change in employment differs between innovating and non-innovating firms. The quantile regressions used first and foremost in this study permit the impact of innovation to be measured in each desired quantile of the change-in-employment distribution (which is conditional on the explanatory variables) (Koeneker/Bassett 1978) . This allows the hypotheses presented in section 2 to be investigated at each point in the distribution, for example in growing or shrinking firms. The quantile regressions thus deliver a more comprehensive picture of the relationship between innovation and employment. 
Data description
The analysis is based on the KfW-Mittelstandspanel, the first and only representative longitudinal database for all small and medium enterprises in Germany (i.e., all firms with an annual turnover of up to 500 million euros). In particular, firms with fewer than five employees are included in the database, which, according to calculations made with the KfW-Mittelstandspanel, represent approximately 80 % of all small and medium enterprises. The KfW-Mittelstandspanel conducts a written survey on an annual basis. A particular emphasis is placed on collecting data on business development, investment activities, and financing. In addition, information is collected in individual waves on special topics of interest (Reize 2007) . In this way, in 2003, 2005, and 2006 , data were collected on firms' innovation activities. In total, approximately 12,000 observations from these three data-collection waves were used for the following analysis. The following paragraphs describe how the variables taken into account are defined. Logarithmic differences can be understood as an approximation of growth rates, so that the percentage growth in a firm's employment is used as the variable to be explained. In contradistinction to the established definition in empirical research (Evans 1987) , in this study the annual employment growth rate is not used, but rather a two-year average. This was done due to the lack of variation in the dependent variable that results when the data for small and medium enterprises is viewed on an annual basis. 9 The employment growth rate of a firm i for a time period t is defined as
7 Key determinants of employment in a firm that can be derived from the labour demand function are the factor prices for labour and capital. Both aspects could not be taken into consideration in the present study, as information on these factors was available in the data pool only for a portion of the surveyed firms. 8 Estimates have been made with the STATA program package. 9 For 30 % of firms no change in employment was observed on an annual basis, which could lead to problems in the quantile regressions. When employment was viewed on a two-year basis, the percentage of companies exhibiting no change was only approx. 13 %.
where stands L it for the number of employees on 31 December of year t at a firm. When calculating the number of employees in a firm, owners who exercise an active management role as well as full-and part-time employees were counted (two part-time employees were weighted as one full-time equivalent). The average growth in employment witnessed at the firms included in this study was 4.3 %; median growth was 0 % (see Table 1 ).
With regard to firms' innovation activities, the KfW-Mittelstandspanel also collects data on whether product or process innovations were introduced in year t À 2, or in the previous two years. Products or processes are classified as innovations if they are new or exhibit distinct improvements over the products or processes for the innovating firm. Approximately 55 % of the surveyed firms introduced innovations on the whole in the identified time frame; 34 % of firms changed their production processes, and 46 % released new products.
Additional control variables are the size and age 10 of the firm, the percentage of turnover earned abroad, the legal form of the firm as well as gross value added at the industry level.
11 Average gross value added is calculated over the time period t À 2 to t À 5, the same time period for which data was collected on innovation activities. All additional control variables relate to the year t À 2. Furthermore, in order to control for the structure of the acquired data, the region in which the firm is based (former West vs. former East Germany), the firm's receipt of state subsidies (subsidised vs. non-subsidised) and the data collection wave are also taken into consideration. See Table A1 in the Appendix for descriptive statistics.
Regression results
Tables A2 and A3 in the Appendix provide the regression results for the quantile regressions in the 10 %, 25 %, 50 %, 75 %, and 90 % quantiles as well as for the least squares regression that was additionally carried out. The least squares regressions show the expected results for the control variables. The surveyed firms grow slower (in percent) as the size and age of the firm increase, while companies with a larger share of exports and firms that are active in a high-growth industry grow faster. A positive effect on employment growth is determined for innovations on the whole as well as for process and product innovations. The results of this study thus corroborate the previously mentioned recent studies on the employment effects of innovation (Zimmermann 2008 , Lachenmaier/Rottmann 2007 . With a R 2 of around 8 % the goodness-of-fit is within the usual boundaries for studies of this type. With regard to the control variable, the quantile regressions also show that fast-growing and fast-shrinking small and medium enterprises benefit in particular from a strong growth dynamic in their industry, whereas firms in the mid-range of the distribution are influenced to a lesser extent by the industry growth dynamic. A similar relationship -although considerably less pronounced -is witnessed for the relative share of turnover earned by a company abroad. The age and size of a firm, by contrast, have a dampening effect on employment growth the higher the quantile viewed. Overall, the lower-range quantile regressions display a worse goodness-of-fit than the estimations concerning the quantiles in the upper part of the distribution. As one approaches the median regression the goodness-of-fit decreases at first. This is probably related to the fact that the observations without a change in employment (which constitute 13 % of the observations) could all be found just below and at the median. Figures 1 and 2 display the effects of the various innovation indicators for the supplementary quantile regressions for the quantiles 5 % to 95 %. 12 As Figure 1 shows, with the exception of the lower edge of the distribution, innovation exercises a positive influence on employment growth across all quantiles, regardless of the nature of the innovation (i.e., whether process or product). This effect is between 0.5 and 1 percentage points for the quantiles below the median. From approximately the middle of the distribution upward, the impact of innovation on employment growth increases considerably to between 1.5 and 2 percentage points. As the conditional employment growth rate in this range was positive for the surveyed firms, it can be concluded that innovations exercise a considerably stronger effect on the number of employees in growing firms in comparison to firms experiencing declining or stagnating growth. This observation thus confirms the hypotheses presented in section 2, by which innovation should have a stronger employment effect in expanding firms than in other firms. Figure 2 also confirms the findings when process and product innovations are distinguished. A positive effect on employment growth can be determined over the entire distribution for both process and product innovations. This effect is stronger in growing firms. This reveals that the lower impact of innovations on the whole in firms from the lower part of the distribution -as shown in Figure 1 -is not due to different types of innovations (with regard to new products vs. new processes) in firms experiencing positive or negative growth. Yet product innovations only exercise a weakly significant effect on employment growth in the quantiles below the median. In these quantiles the lower range of the 95 % confidence interval swings around the zero line. Furthermore, over the entire distribution for process innovations the coefficients indicate a higher Figure 2 Impact of process and product innovation on employment growth in SMEs impact on employment growth than for product innovations. The 95 % confidence intervals displayed in Figure 2 show that the divergence in the regression coefficients is partially significant in a statistical sense or nearly reaches the threshold for significance. As described in section 2 from a theoretical point of view it is unclear whether a product or a process innovation should have a higher impact on employment. The lower impact of product innovation on employee headcounts which seems to be witnessed here could be attributable to this study's short-term focus. If time is required for a new product to establish itself commercially, benefits may take time to accrue. In the case of process innovations that allow immediate price reductions, however, expansive effects on employment would be measurable earlier on.
Conclusions
This article examines the impact of innovation on employment growth in innovating small and medium enterprises. In contrast to existing studies, which typically use the least squares estimation technique, quantile regressions were carried out to analyse the data. This method allows to examine the effects of innovation at any desired point in the distribution function -for example, in firms experiencing positive or negative growth -providing a more complete picture of the relationship between innovation and employment growth than is afforded by the standard method of viewing deviations in the average effect. The key finding of the study is that innovation has a positive effect on employment in both growing and shrinking small and medium enterprises. The impact of innovation on employment growth is thus broad in scope. Furthermore, innovation has a much stronger impact on the number of employees in firms already experiencing strong growth than in their slower growing or shrinking counterparts. One explanation for this finding is that innovations in expanding firms are more 'aggressive' in nature and thus have stronger effects on demand and employment. Within the segment of non-growing firms, it is also possible that a larger percentage of firms are less successful commercially and that their innovations fail with greater frequency. When differentiating between product and process innovations, the analysis shows (at least from a relatively short-term perspective) that the introduction of new or improved processes has a larger impact on employment than the introduction of new or improved products. Economic policy makers look to innovation and technological progress as the key to the creation of new jobs in the competitive industries of the future. As this study demonstrates, the positive employment effects of innovation are not restricted to narrow segments of the economy. They are wide in scope, and can be observed in both expanding and shrinking small and medium enterprises. Economic policy aimed at bolstering the innovative strength of firms is thus a strong encouragement to employment on a broad basis and can contribute to reducing Germany's persistently high unemployment rate. 
